ABSTRACT -Biostratigraphic results obtained with a systematic study of the planktic foraminiferal assemblages recovered from Upper Cretaceous-Lower Paleogene strata (Turonian? to early Danian in age) of Deep Sea Drilling Program (DSDP) Site 356, São Paulo Plateau, are presented and discussed herein. Fifty-nine planktic foraminiferal species were identifi ed within the studied interval, enabling the identifi cation of 11 planktic foraminiferal zones (Turonian? to early Danian in age): Marginotruncana schneegansi, Dicarinella concavata, Dicarinella asymetrica, Globotruncanita elevata, Contusotruncana plummerae, Radotruncana calcarata, Globotruncanella havanensis, Pseudoguembelina palpebra, Abathomphalus mayaroensis, Pseudoguembelina hariaensis and Pα. An unconformity spanning at least 0.96 Ma could also be suggested within core 31 (Maastrichtian in age), due to the absence of the Racemiguembelina fructicosa Interval Zone from the studied section. High sedimentation rates were estimated within the Santonian (Dicarinella asymentrica Total-range Zone) and the uppermost Maastrichtian (Pseudoguembelina hariaensis Interval Zone) of DSDP site 356, while lower and more constant values were suggested for the Campanian-lower Maastrichtian interval (Globotruncanita elevata Partial-range Zone to Pseudoguembelina palpebra Interval Zone). The reliability in identifying the Contusotruncana plummerae Interval Zone (Campanian in age) in Cretaceous sections of the South Atlantic Ocean is confi rmed herein.
INTRODUCTION
During the Cretaceous period, planktic foraminifera experienced their highest rates of speciation, enabling the identifi cation of a series of high-resolution global bioevents, from the Aptian through the Maastrichtian (e.g. Robaszynski & Caron, 1995; Premoli Silva & Sliter, 1999) . Planktic foraminiferal assemblages recovered from Upper CretaceousLower Paleogene strata (Turonian? to early Danian in age) of Deep Sea Drilling Program (DSDP) Site 356, São Paulo Plateau (Figure 1 ), are herein restudied in a biostratigraphic approach. This planktic foraminiferal fauna was previously described by Premoli Silva & Boersma (1977) , and is revised herein on the basis of up-to-date planktic foraminiferal taxonomic revisions [Mesozoic Planktonic Foraminiferal Taxonomic Dictionary (http://portal.chronos.org/gridsphere/ gridsphere?cid=res_foram)] and biostratigraphic schemes (e.g. Caron, 1985; Sliter, 1989; Premoli Silva & Sliter, 1995; Robaszynski & Caron, 1995; Huber et al., 2008; Petrizzo et al., 2011) . Since studies on Cretaceous planktic foraminifera from the South Atlantic Ocean are patchy in the literature (e.g. Sliter, 1976; Premoli Silva & Boersma, 1977; Caron, 1978; Krasheninnikov & Basov, 1983; Viviers, 1987; Viviers & Beurlen, 1987; Koutsoukos, 1989 Koutsoukos, , 1992 Huber & Leckie, 2011; Kochhann et al., 2013) , detailed bio-/chronostratigraphic studies in the few sedimentary successions available are quite relevant.
Geological setting
The DSDP Site 356 is located at the eastern border of the São Paulo Plateau (28°17.22'S/41°05.28'W), at a water depth of 3,175 m (Figure 1 ), between the São Paulo High and the zone of salt structures (Mascle & Renard, 1976) . The plateau extends from 20°S (Vitória-Trindade chain) to 28°S (southern boundary of the Santos Basin, Brazilian continental margin), its basement is composed of continental crust (Macedo, 1990) , and Albian to Recent strata were recovered at DSDP Site 356 (Supko et al., 1977) . Three lithologic units (Supko et al., 1977) occur in the late Turonian? to early Danian studied stratigraphic interval (units 6, 5 and 4 from bottom to top; Figure 2 ). Unit 6 was characterized as dark-gray mudstones and clay-pebble conglomerates; unit 5 was defi ned as marly chalks; and unit 4 was described as nannofossil-foraminifera chalks.
MATERIAL AND METHODS
The studied Turonian? to lower Danian section of DSDP Site 356 comprises the interval from core 44 to core 29 [739.72 mbsf (meters below the seafloor) to 410.70 mbsf]. The studied hole was spot cored, with uncored intervals ranging from 38 to 9.5 m in thickness (Figure 2 ; Supko et al., 1977) . Sixty samples were collected for the micropaleontological survey, consisting of one sample per section, with an average spacing of 1.5 m within cored intervals. The studied samples were sedimentologically characterized mainly as mudstones, Figure 1 . Top, bathymetric map of the studied area with the location of DSDP Site 356 (modified from Supko et al., 1977) . Base, section A-A' with the location of the studied site (modified from Mascle & Renard, 1976) . Abbreviation: SL, sea level. Unconformity is represented by a wavy line. Abbreviations. A. may., Abathomphalus mayaroensis; P. palp., Pseudoguembelina palpebra; G. hav., Globotruncanella havanensis; R. calc., Radotruncana calcarata; C. plu., Contusotruncana plummerae; Gt. ele., Globotruncanita elevata; D. con., Dicarinella concavata; M. sc., Marginotruncana schneegansi.
calcareous mudstones, and chalks. Each sample was processed as follows: approximately 20 g of dried rock were crushed and soaked into 200 ml of hydrogen peroxide solution (29% H 2 O 2 ) for 24 hours. Finally, residues were poured through a 38-μm mesh sieve and around 300 foraminiferal specimens hand-picked and identified from each sample under a stereomicroscope. Selected specimens were imaged under scanning electron microscope (SEM) to assure accurate identifi cations. First occurrences (FOs) and last occurrences (LOs) of marker species were used in the identifi cation of foraminiferal biozones boundaries in accordance with the studies of Caron (1985) , Sliter (1989) , Premoli Silva & Sliter (1995) and Robaszynski & Caron (1995) , as well as the latest revisions of Huber et al. (2008) and Petrizzo et al. (2011) . Preservation rating followed Petrizzo (2000) , where: G = good (planktic foraminifera show little diagenetic alteration and minor test fragmentation); M = moderate (specimens show minor to moderate test fragmentation and are moderately overgrown by secondary calcite); P = poor (most specimens are fragmented and it is diffi cult to identify them at the species level). Specimens fi gured herein are housed in the collections of the Museu de História Geológica do Rio Grande do Sul, Universidade do Vale do Rio dos Sinos (UNISINOS), Brazil [curatorial numbers (ULVG) are given after each specimens in Figure 3 ].
RESULTS
The taxonomic study of the recovered planktic foraminiferal assemblages enabled the identifi cation of 59 species within the studied interval (Figure 4 ; Appendix 1). The fi nding of fewer species herein than in Premoli Silva & Boersma (1977) is probably related to the better current understanding of the morphological plasticity of planktic foraminiferal taxa [several taxa reported by Premoli Silva & Boersma (1977) are currently considered junior synonyms of species identifi ed herein]. It is remarkable that both species richness and preservation improve upwards in the studied section; therefore, Turonian? to Santonian assemblages are composed of few species and generally show poor to moderate preservation, while Campanian and Maastrichtian ones are richer and moderately-to well-preserved ( Figure  4 ). The sole studied Danian sample (which is the uppermost sample in the studied section) also yielded well-preserved planktic foraminiferal specimens and displayed low richness (Figure 4 ). Biostratigraphic data (Figures 2, 4) are described and discussed below, while marker species are shown in Figure 3 .
The biostratigraphic scheme applied to the studied section is a compilation of previously published ones ( Figure 5 ), mainly the propositions of Caron (1985) , Sliter (1989) , Premoli Silva & Sliter (1995) and Robaszynski & Caron (1995) . The concepts of the zones Pseudoguembelina palpebra, Racemiguembelina fructicosa and Pseudoguembelina hariaensis are after Huber et al. (2008) , while the defi nition of the Contusotruncana plummerae Interval Zone is after Petrizzo et al. (2011) .
Late Cretaceous-Early Paleogene biozonation
The Marginotruncana schneegansi Partial-range Zone (Robaszynski & Caron, 1995) , Turonian in age, was tentatively identifi ed from 682.77 to 681.27 mbsf. This zone is defi ned as the interval of occurrence of Marginotruncana schneegansi, from the LO of Helvetoglobotruncana helvetica to the FO of Dicarinella concavata (cf. Caron, 1985) . Since the species that defi nes the basal boundary of this zone and the nominate taxon were not identifi ed in the present study, the zone was tentatively assigned to the interval from the FOs of several late Turonian-Coniacian species (mainly marginotruncanids; see Figure 4 ) to the FO of Dicarinella concavata at Site 356.
The Dicarinella concavata Interval Zone (Sigal, 1955) , late Turonian to Coniacian in age, was identifi ed from the FO of the nominate taxon (681.27 mbsf) to the FO of Dicarinella asymetrica (648.27 mbsf). Besides the nominate taxon, typical species are Marginotruncana sinuosa, Muricohedbergella flandrini, Muricohedbergella simplex and Heterohelix globulosa.
The Dicarinella asymetrica Total-range Zone (Postuma, 1971 ; Santonian in age) was identified upward in the section, from the FO of the nominate taxon (648.27 mbsf) to its LO (542.27 mbsf). It is worth mentioning that all marginotruncanids become extinct within this zone.
The Globotruncanita elevata Partial-range Zone (Dalbiez, 1955) , early Campanian in age, was identifi ed spanning the interval from 542.27 to 518.27 mbsf. This zone is defi ned as the partial-range of the nominate taxon, from the LO of Dicarinella asymetrica to the FO of Contusotruncana plummerae (cf. Petrizzo et al., 2011) . Typical species of this zone are Contusotruncana fornicata and Archaeoglobigerina blowi.
On the basis of the proposition of Petrizzo et al. (2011) , the Contusotruncana plummerae Interval Zone (Petrizzo et al., 2011) , middle to late Campanian in age, was identifi ed from the FO of the nominate taxon (518.27 mbsf) to the FO of Radotruncana calcarata (489.77 mbsf). Typical species of this zone are Contusotruncana fornicata, Globotruncana sp. aff. G. bulloides, "Globigerinelloides" sp. aff. "G." prairiehillensis, and Archaeoglobigerina blowi. In its original proposition, this zone replaces the classic Globotruncana ventricosa interval zone (Petrizzo et al., 2011) .
The Radotruncana calcarata Total-range Zone (Herm, 1962) , late Campanian in age, was identifi ed upwards in the section by the total-range of the nominate taxon (from 489.77 to 485.27 mbsf). Typical species of this interval are Contusotruncana fornicata, Globotruncana sp. aff. G. bulloides, "Globigerinelloides" sp. aff. "G." prairiehillensis, and Archaeoglobigerina blowi.
The Globotruncanella havanensis Partial-range Zone (Douglas, 1969) , late Campanian-early Maastrichtian in age, was identifi ed from 485.27 to 462.83 mbsf. This zone is defi ned as the partial interval of occurrence of the nominate taxon, from the LO of Radotruncana calcarata to the FO of Pseudoguembelina palpebra (cf. Huber et al., 2008) . Typical species are Contusotruncana fornicata and . Biostratigraphic framework for Late Cretaceous planktic foraminifera, presenting the studies discussed in the text and the composition applied to Site 356. Ages assigned to stages boundaries are given after Gradstein et al. (2012) . Abbreviations: Tur., Turonian; Con., Coniacian; San., Santonian.
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The Pseudoguembelina palpebra Interval Zone (Huber et al., 2008) , early Maastrichtian in age, was identified from the FO of the nominate taxon (462.83 mbsf) to the FOs of Racemiguembelina fructicosa and Abathomphalus mayaroensis, identifi ed in the same sample (Figure 4) . Typical species are Archaeoglobigerina blowi, Pseudoguembelina palpebra, and Contusotruncana fornicata.
Upward in the section, the Abathomphalus mayaroensis Interval Zone , late Maastrichtian in age, was identified from the FO of the nominate taxon (443.51 mbsf) to the FO of Pseudoguembelina hariaensis (440.76 mbsf; cf. Huber et al., 2008) . Typical species are Archaeoglobigerina blowi, Pseudotextularia nuttalli, Pseudoguembelina palpebra, and Racemiguembelina fructicosa. Since the FOs of Racemiguembelina fructicosa and Abathomphalus mayaroensis occur in the same sample, an unconformity can be suggested due to the absence of the Racemiguembelina fructicosa Interval Zone (Huber et al., 2008) between the Pseudoguembelina palpebra Interval Zone and the Abathomphalus mayaroensis Interval Zone (cf. Huber et al., 2008) .
The Pseudoguembelina hariaensis Interval Zone (Robaszynski & Caron, 1995) , latest Maastrichtian in age, was identifi ed from the FO of the nominate taxon (440.76 mbsf) to the level of extinction of virtually all Cretaceous taxa (412.25 mbsf; cf. Huber et al., 2008) . Typical species are Archaeoglobigerina blowi, Pseudoguembelina palpebra, and Globotruncana sp. aff. G. bulloides.
Above 412.25 mbsf (to the top of the studied interval), a Danian planktic foraminiferal assemblage assigned to the Pα Zone [Parvularugoglobigerina eugubina Total-range Zone ; Olsson et al., 1999] was recovered. Since a single Danian sample was studied herein, it should not be assumed as representative of the entire Pα Zone, but defi nes the top of the studied section.
Age/depth model
An age/depth plot was generated by plotting depths (mbsf) at which several planktic foraminiferal bioevents were identifi ed at DSDP Site 356 against their suggested ages [in accordance with Gradstein et al. (2012) Figure 6 ). A continuous line in Figure 6 joins the bioevents that defi ne the foraminiferal zones identifi ed herein. Sedimentation rates (m/Ma; meters per million years) within the Cretaceous planktic foraminiferal zones were estimated as follows ( Figure  6 
DISCUSSION
From 682.77 mbsf (core 39) to 410.7 mbsf (core 29), age assignments made herein and those reported by Premoli Silva & Boersma (1977) show quite good agreement. The interval attributed herein to the Marginotruncana schneegansi, Dicarinella concavata, and Dicarinella asymetrica zones (Figures 2, 4) was assigned to the Globotruncana concavata concavata (= Dicarinella concavata herein) and Globotruncana concavata carinata (= Dicarinella asymentrica herein) zones by Premoli Silva & Boersma (1977) , differing only in a possible Turonian age for one sample (356-39-6, 77-80 cm) , attributed herein to the Marginotruncana schneegansi Partial-range Zone. Improved biostratigraphic resolution in the present study, mainly in the Campanian-Maastrictian interval, is likely a result of the application of the latest biostratigraphic revisions (e.g. Huber et al., 2008; Petrizzo et al., 2011) . The Campanian interval of DSDP Site 356 was herein attributed to the Globotruncanita elevata, Contusotruncana plummerae, Radotruncana calcarata, and Globotruncanella havanensis zones (Figures 2, 4) , while Premoli Silva & Boersma (1977) identifi ed the Globotruncana elevata (= Globotruncanita elevata herein), Globotruncana calcarata (= Radotruncana calcarata herein) and Globotruncana tricarinata zones in the same stratigraphic interval. Maastrichtian strata were herein attributed to the Pseudoguembelina palpebra, Abathomphalus mayaroensis, and Pseudoguembelina hariaensis zones ( Figures  2, 4) , whereas Premoli Silva & Boersma (1977) identifi ed the Globotruncana gansseri and Abathomphalus mayaroensis zones for the same interval.
In the same way as reported by Huber et al. (2008) , rare and sporadic occurrences of the zonal markers Goblotruncana aegyptiaca and Gansserina gansseri hampered the accurate identifi cation of the nominate planktic foraminiferal zones for those species. Therefore, the biozonation proposed by Huber et al. (2008) was applied herein to the upper CampanianMaastrichtian interval of DSDP Site 356. It is also worth mentioning that the FOs of Globotruncana aegyptiaca, Gansserina gansseri, and Globotruncanella havanensis fall quite distant from the line that joins the bioevents used in the planktic foraminiferal zonation presented in the age/depth plot ( Figure 6 ). This pattern may be explained by their sporadic and rare occurrences, leading to the inaccurate identifi cation of these bioevents (e.g. Huber et al., 2008) , and/or by the presence of an uncored interval of about 20 m below core 32, within which these species could have their real FOs ( Figure  2 ). On the other hand, the FO of Globotruncanita elevata and the LOs of Gansserina gansseri and Abathomphalus mayaroensis showed good alignment with the continuous line in the age/depth plot ( Figure 6 ). The reliability in identifying the Contusotruncana plummerae Interval Zone in Campanian strata of the South Atlantic Ocean, likewise, was confi rmed herein, as previously suggested by Petrizzo et al. (2011) , on the basis of sedimentary successions from the Tethyan region, Pacifi c and Indian oceans. Robaszynski & Caron (1995) noticed that Racemiguembelina fructicosa and Contusotruncana contusa are supposed to have their FOs below the FO of Abathomphalus mayaroensis, defi ning the Racemiguembelina fructicosa Interval Zone, from the FO of the nominate taxon to the FO of Abathomphalus mayaroensis (Huber et al., 2008) . Since Racemiguembelina fructicosa and Abathomphalus mayaroensis have their FOs in the same sample in the studied site, and since Contusotruncana sp. cf. C. contusa fi rst appears within the Abathomphalus mayaroensis interval zone (Figure 4) , an unconformity can Table 1 . Age (according to Gradstein et al., 2012) and depth (at DSDP Site 356) of the bioevents used in the age/depth plot.
Bioevent
Age ( (Supko et al., 1977) , from dark marly chalk to light colored chalk, could well represent this unconformity, spanning at least 0.96 Ma (Figure 6 ). Sedimentation rates showed high variability within the studied section (Figure 6 ). High sedimentation rates were observed in the Santonian (Dicarinella asymentrica Total-range Zone) and in the uppermost Maastrichtian (Pseudoguembelina hariaensis Interval Zone) intervals of Site 356, while lower and more constant values were observed in the Campanian-lower Maastrichtian interval (Globotruncanita elevata Partial-range Zone to Pseudoguembelina palpebra Interval Zone). The identifi cation of high sedimentation rates within the Dicarinella asymentrica Total-range Zone is in accordance with previous studies that have suggested the same pattern for Santonian strata in some Brazilian continental margin basins, including the closely related Santos Basin (Moreira et al., 2007) . This pattern may be a consequence of the increased clastic input and shelf progradation driven by the uplift of the Serra do Mar and Serra da Mantiqueira mountain ranges, which peaked at this time interval (Almeida & Carneiro, 1998; Cobbold et al., 2001; Modica & Brush, 2004; Contreras et al., 2010) . The lowest sedimentation rate identifi ed in the studied section was within the Abathomphalus mayaroensis Interval Zone. It may represent a real trend as well as be a result of the absence of part of this zone due to the unconformity between the Pseudoguembelina palpebra and Abathomphalus mayaroensis zones (Figures 2, 6 ). The sampling resolution applied herein, however, did not enable to support any of these hypotheses.
It is worth mentioning that Plummerita hantkeninoides, a taxon of reported biostratigraphic usefulness (cf. Koutsoukos, 2006 ) that evolved within the last 0.3 Ma of the Maastrichtian, is absent from the studied section (Figure 4) . Despite the fact that open-ocean pelagic carbonate sediments of this age were probably recovered at DSDP Site 356, the absence of this species from the studied site could be interpreted as a consequence of its probable preference for inhabiting eutrophic shelf to upper slope environments (Abramovich & Keller, 2002; MacLeod et al., 2007; Huber et al., 2008) , or due to its low potential of preservation. In addition, this species could have presented a paleobiogeographic distribution restricted to low-latitude areas (e.g. Koutsoukos, 2006; Gallala, 2013) , being absent from higher-latitude sites. Therefore, it is more convenient to apply the concept Gradstein et al., 2012) and depth (at Site 356) of the bioevents (FOs and LOs) are given in Table 1 . Inferences of sedimentation rates for each planktic foraminiferal zone identified herein are also given. of the Pseudoguembelina hariaensis Interval Zone to upper Maastrichtian strata of DSDP Site 356, since the nominate species had a wider paleobiogeographic distribution (e.g. Huber et al., 2008 
